Abstract: Similarity measure is one of the most important measures of interval-valued intuitionistic fuzzy (IVIF) sets. This article will put forward a new similarity measure, which considers the impacts of membership degree, nonmembership degree and median point of IVIF sets. For cases with partially known attribute weight information in multi-attribute decision-making (MADM) problems, a new weighting method is put forward by establishing the maximum similarity optimization model to solve the optimal weights. Further, a new decision-making method is developed on the basis of proposed similarity measure, and an applied example proves the effectiveness and feasibility of the proposed methods.
Introduction
Multi-attribute decision-making (MADM) theory has been widely applied in many fields such as economics, management science and engineering [1] [2] [3] . Due to the complexity and uncertainty of objective things and the ambiguity of human thinking, the fuzzy set introduced by Zadeh [4] seems to be suitable for describing subjective decision information [5, 6] . With the increasing complexity and uncertainty of the social economic environment, there often exist different hesitancy degrees or a certain degree of lack of knowledge in the decision-making process. Atanassov [7] proposed IF sets, OPEN ACCESS 1 2 { , , , } n X x x x   be a finite universe of discourse, then
is called an IF set over X , where ( ) for the complexity and uncertainties of the objective things. However, we can use intervals to express them easily. Therefore, Atanassov and Gargov [8] extended IF sets to the IVIF sets, and gave the definition of the IVIF sets as in Definition 2.
and A    respectively, where 
IVIF sets, then the following operations can be founded in [8] :
be two IVIF sets and the weight of i x is i w . Then the weighted Hamming distance of A  and B  is defined as [19] : [20] gave the operation laws of IVIF numbers as follows:
(ii) 1 
is the ith largest of the weighted IVIF numbers.
In the following discussion, we always suppose that IVI FS ( ) s X is the set of all IVIF sets defined in X .
IVIF sets, and let S be a mapping :
S A B is called the similarity measure between A and B if it satisfies the following conditions [21] :
A New Similarity of IVIF Sets
The main task of this section is to put forward an effective IVIF similarity, which considers the impacts of membership degree, nonmembership degree and median point of IVIF sets. In the following, we first introduce an IVIF operator:
where
is a parameter called the attitude factor, which reflects the degree of interval.
, then the new similarity is defined as follows:
sets, then we define a new information measure between A and B as follows:
Theorem 1. The measure given by Equation (8) is an IVIF similarity.
Construct the following function:
Therefore, for any i x X  , we have
( 
Similarly, we can get the following result:
, and then we can get
Finally, it holds true that
Thus for any
, we can also prove the result
In many situations, the important degree of the element i x X  should be taken into account; for example, in MADM, the considered attributes usually have different levels of importance, and thus need to be assigned different weights. On the basis of Equation (8), we further define a weighted similarity measure between two IVIF sets A and B as follows:
is the important degree of i x , and 
A New MADM Method Based on the Proposed Similarity

Description of the MADM Problem
An MADM method consists on finding the best alternative from a set 
Thus, an MADM problem can be expressed with the following decision matrix: . The attribute weight information is usually unknown or partially known due to the insufficient knowledge or limitation of time of decision makers in the decision-making process. In this paper, we will put forward a new weighting method to determine the attribute weights when only partial information about the weights is known.
Weight-Determining Method
In real decision situations, due to the complexity and uncertainty of practical decision making problems and the inherent subjective nature of human thinking, the attribute weight information is usually incomplete [22] [23] [24] [25] [26] . Generally, there will have more constraint conditions for weight vector 1 2 ( , ,..., )
T n w w w  W . We denote H as the set of the known weight information.
To determine the attribute weights for MADM problem with partially known attribute weight information in an intuitionistic fuzzy environment, Xu [22] proposed an optimization model based on 
Numerical Example
In order to illustrate the effectiveness and practicability of the proposed MADM method, an example of a risk investment decision-making problem adopted from Park et al. [27] is analyzed.
Suppose that a manufacturing company wants to search for the best global supplier for one of its most critical parts used in assembling process. The company hires four experts (decision makers) 
A
In the following, we will solve this problem with the proposed decision making method, and the calculation steps are as follows:
Step 1. Establish a comprehensive IVIF decision matrix using the IIFHG operator; see Table 5 . 
Step 2. Calculate the attribute weights according to Equation (14) . Set 0.1 p  , and then we can establish the following programming model: 
